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ABSTRACT 

This document presents the results of the frequency response test performed 
on the Dynamic Docking Test System (DOTS) active table. Sinusoidal dis- 
placement commands were applied to the table and the dynamic response 
determined from measured actuator responses and accelerometers mounted to 
the table and one actuator. 
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1.0 INTRODUCTION 

The DOTS is a six-degree-of-freedom motion simulator developed to perform 
docking simulations using the USA and USSR docking hardware for the Apollo 
Soyuz Test Project. The simulator consists of a rigid structure supporting 
one set of docking hardware and active table to which the other set of 
docking hardware is attached as shown in Figure 1. The active table is 
a rigid structure supported by six hydraulic actuators. The motion of 
each, actuator is controlled by an electronic control system which receives 
commands from equations of motion which provide the desired relative 
motions of the two spacecraft during docking. 

Frequency response tests were conducted to determine the dynamic response 
of the active table to sinusoidal table motion commands. This document 
presents the results of these tests and compares them with analytical pre- 
dictions provided by NASA Advanced Docking System (NADS), a computer 
program developed to model the. dynamics of the active table in response 
to table motion commands. The mathematical model is derived in Reference 
1, and the computer program is described in Reference 2. 

2.0 INSTRUMENTATION 

2.1 TABLE MOTION 

Table displacements are determined by recording time-histories of the 
six actuator displacements measured by the linear potentiometers used in 
the displacement feedback of each actuator control system.. These measured 
actuator lengths are then transformed to table displacements. 

Simplified transformations from actuator lengths to table displacements 
are derived assuming small displacements about a nominal table position. 
Frequency response tests were run with no angular misalignments of the 
table; therefore, the Euler angles ^are zero. The inertial components of 
the actuator lengths at the reference position are then: 
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2.1 (Continued) 



where » Vt » "the initial inertial positions of the table 

“^0 ^0 ^0 

th 

c.g.; r , r , r , are the x* y> z coordinates of the i~ table 
xa^. ya- za^ 

swivel joint with respect to the table c.g.; and y^ , are the 

inertial coordinates of the floor swivel joints for the i— actuator 
(see Figure 2). 

Initial actuator lengths are then: 



For geometry transformation purposes, it can be assumed that r , r , 

^x. ’'s . 

Xi Si 

and 1^^ are constant. Incremental motions of the actuators can then be 

transformed to table motions. The transformation between table coordinates 
and inertial coordinates is unity. 

In general : 
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TABLE 

COORDINATES 



Figure 2. Active Table Coordinate Systems 
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2.1 (Continued) 


but, if we let 




where Xj, y-j-, Zj are table translational velocities at any centerline 

reference point, and to , w , to are table angular velocities. 

X y z 

A system of six equations (one for each actuator) and six unknowns (x.j. 
yyi Zj> Wy, 03^) can be written and solved. 



hence: 
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2.1 (Continued) 

The elements of the i~ row of the [A] matrix are: 




*12 ■ % ' 'o, 


*13 = 



(7) 


Likewises the same transformation can be used to solve for incremental 
table displacements relative to its initial position. 
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2.1 (Continued) 
where: 

A0^ = (f> V 

A6 = 0 > Euler angles (9) 

V I 

A0^ = ^ ) 

2.2 ACCELERATIONS 

Accelerometers were mounted to the active table and to one of the six 
hydraulic actuators. Figure 3 shows the location of the ten accelerometers 
available. One triaxial accelerometer is mounted to the active table truss 
structure and measures accelerations in the x, y, and z directions. A 
second triaxial accelerometer mounted to the table corner measures x, 
radial, and tangential accelerations. Actuator 6 accelerations are 
measured at the top of the cylinder in two orthogonal lateral directions 
and the axial direction. Actuator extension accelerations are measured, 
by a Kistler servo accelerometer mounted to the upper end of the actuator 
piston. 

The table on Page 9 shows the accelerometers recorded and those used as 
abort limit cues. 

2.3 HYDRAULIC PRESSURES 

Hydraulic pressure measurements were recorded "lon oscillograph recorders 
for each actuator. Due to recorder channel limitations, supply pressure 
measurements for all six actuators were measured while differential pressure 
measurements for actuators 1 through 5 were recorded. Differential pressures 
were obtained from the pressure feedback signals in the control system for 
each actuator. / 
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DOTS TABLE 

FREQUENCY RESPONSE TEST ACCELEROMETERS 


ACCEL. 

NO. 

RECORD 
ON TAPE 

USED AS 
ABORT LIMIT. 

LIMIT 

ACCEL. 

IL 




2R 

X 

X 

+3.0 g 

3T 

X 

X 

t3.0 g 

4R 

X 



5T 

X 



6X 




7Y 

X 

X 

+3.0 g 

8Z 

X 

X 

+3.0 g 

9X 

X 

X 

+3.0 g 


SL X 
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3,0 TEST INPUTS 

The frequency response test was conducted with the table positioned on 

the simulator centerline with the actuators at, mid-stroke (xj = 88.159; 

*0 

yj = Zj = 0). Sinusoidal table commands of 0.05 inch amplitude were 
0 ^0 

used in each of the x, y, and z directions. 

Commanded actuator lengths are determined from 



where the terms of the [a] matrix are defined in equation (7). 

During docking simulations, each actuator receives a position command and 
a velocity command as indicated in the actuator control system block diagram 
shown in Figure 4. However, for the frequency response test, the rate 
command gain, K was set to zero because the automatic signal generator 

F 

used in the test was not capable of generating a constant amplitude sine 
sweep position command and a corresponding rate command simultaneously. 

To minimize the magnitudes of table and actuator responses and to reduce 
the wear and tear on the linear potentiometers, a .05 inch magnitude 
sinusoidal table position command signal was used. An automatic frequency 
sweeping signal generator was used to sweep from 1.0 Hz to 40 Hz in 1.0 Hz 
increments. Fifteen cycles of command signal were used at each frequency. 
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RATE. COMMAND NOTCH FILTER = •: t- K = M-l 

(s/wj.) +D(-j|S+l 2 ^ (5g 

.DOUBLE NOTCH FILTER = — = ( . s^ -, + 5168 . 0 J .. ( . s^ . + 725690. ) 

(s'^ +. 533.3 s + 51680. )(s‘^ + 533.4 s + 725690.) 

Figure 4. Single-Axis Servo Block Diagram 
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4.0 FREQUENCY RESPONSE PREDICTIONS 

Frequency response characteristics of the table, for position commands in"^ 
the X, y, and z directions were obtained using NADS computer program 
(References 1 and 2). These predictions are shown in Figure 5. The 
table frequency response exhibits two resonances— one at the hydraulic 
resonant frequency 30 Hz) and another which corresponds to the bending 
frequency of the actuators 11 Hz). In the lateral directions, the 
hydraulic resonance occurs at approximately 22 Hz due to increased effec- 
tive mass in the lateral direction. 

Table and actuator acceleration predictions for each test were also 
obtained (Figures 6 and 7), Based on these acceleration predictions, a 
table and actuator acceleration limit of ±3.0 g was established to preclude 
possible damage to the table or actuators. Accelerometers on the table and 
actuator 6 (see Section 2.1) were monitored' during the test, and an auto- 
matic abort capability was utilized. 

5.0 TEST RESULTS 

Frequency response tests were attempted in the x, y, and z directions. 
The first test (z-axis) was aborted automatically at 9 Hz due to measured 
accelerations exceeding the abort limit of 2.5 g. The abort limit was 
raised to 3.0 g, and the test was rerun. Again the test was automatically 
aborted at 9 Hz due to excessive accelerations. 

It was apparent that the table possessed a resonant peak iji the 10-15 Hz 
range which is higher in magnitude than predicted. Therefore, to prevent 
possible damage to the table-, actuators, or potentiometers, the tests in 
the y and x directions were conducted using the same 3,0 g abort limit. 
The y-axis test was automatically aborted at 9 Hz, and the x-axis test 
was aborted at 11 Hz. 

. ■ ! ■ . . 
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5.0 (Continued) 

A comparison of frequency response test table motions with predicted 
table displacements is shown in Figure 8. A complete set of table motion 
frequency response test data is presented in the appendices. Measured 
table accelerations are compared with predicted table accelerations in 
Figure 9. Figure 10 compares measured actuator lateral accelerations at 
the upper end of actuator 6 cylinder with predicted actuator accelerations. 

The cause of the higher dynamic responses has not been identified. 

Reducing the damping associated with actuator bending dynamics resulted 
in slightly higher analytical table dynamics, but could not account for 
the observed difference. 

The analytical frequency response predictions show negligible coupling 
between table responses in the commanded direction and responses in the 
other directions. Test results show that the off-axis coupling was less 
than 30 percent of the commanded table motion at frequencies below 10 Hz. 
Test results shown in the appendices indicate that the coupling becomes 
more significant as the command frequency approaches the resonant fre- 
quency of the table. 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

The DOTS active table exhibits significantly higher dynamic characteristics 
than was predicted. It is recommended that further study be conducted to 
understand this discrepancy. This information Is desirable so that the 
feasibility of utilizing the DOTS to perform other dynamic motion simu- 
lations and dynamic tests can be assessed. 
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APPENDIX A 
TEST NO. 1 Z-AXIS 
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DOTS FPeOUCKCY Response TEST 

SUKMARY or iNPyr inEHtui coNomens and iRANsroRM mathjx 
ffieouENCY RESPonce resT i 


TEST CATE 





TABLE 1 

COOROlMATCS 

X 

6B.I59 

y 

.cco 


SERVO TABce suivee 

JOIHTS 

riooR 

SWIVEL Joists 

ACTUATCa 

X 

Y 

z 

X 

V 

z 

I 

.0000 

25. 1C2Q 

99.5C00 

210.9070 

-6H.31 to 

123.1700 

a 

.0000 

-55.VJ90 

3. 0000 

2I0.S29D 

-76.3303 

II6.12HQ 

3 

.0000 

-55.>*:9a 

-3.0030 

210. ><220 

-7**. 57 50 

-116.8193 

s 

.0000 

25.TG20 

.«*9.5Q0D 

210. >*170 

-62.VI20 • 

-123.6S3G 

•5 

.0000 

30.2960 

->*B.5oao 

210. **100 

13S.4630 

-5.9T50 

6 

.0000 

30.2990 

>*6.5000 

210.3690 

*. 3S.3B90 

a. 0050 


z 

.000 


COKPCt^nTS OF ACTUATOR LENOTM 

X r z 


-l? 5.?760 

-!^^.^632 

'iaa.?Ba 9 

-1ES.2510 

•t?a.siQs 


S9.HS30 *73.6783 

ZC.96JD -I13.ia‘«C 
i9.i3>*3 H3.e;9c 

B7.5»'»0' 7<T.1BJS 
-lOa.lBSO 

■-1C8.C910 3B.H9S0 


TRANSrORH HAfRIX 


•.eZ 77 ' 9 B*S 3 -.? 29 >»a 8 *D 0 
.<»>t7lia«00 -.236022*01 
-.222902*00 -.>*96159*00 
-.H50573-02 .'*‘*9077-02 

-.6<*8219-C2 . IV55H7-02 

.5>*I7ig-fl2 -.83599H-02 


.226579*00 -.22955>«*00 
.303266-01 .V'f2709'C0 

.>*9690I*C0 .2Sa7i*0-Cfi 
.>*S9?77*C2 .>*>*6626-02 

.1'*609'*-02 .650505-92 

.633211-02 .5>*H90a-C2 


.228266*00 -.233510-08 
.>*l665S«0a •.‘*19525*00 
.276033*00 .266661*00 
.H50071-0? .V>*8595'02 
.79>*35e-02 -.796936-82 
.2ea5<t0-02 .291976-02 



A-2 


3 'D 8 ^ 7 >* 


ACTUATOR 

ICNGTH 

168. >*272 
167.0979 
163.1365 
167.6569 
IBB. 1BB1 
167. 6330 



innxoz— *— oz>X3o<*> fnr»>H 
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rREQUENCT fieSPONCE TEST J TEST PATE S/Oe.'?^ 

EftEOUENCY • I.Oa HZ IfCHtlAL lAStE COORDIWATES; • t - 88. IB IN Y • .00 IN Z* - .00 IN 

TIKE « II HRS 0 rt<N « SRIO TIKE 



seeoKos 
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PACE t. 
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FRtaUCSCy BESPONCr test t test date 3/08'7H 

FREQUENCY - l.OQ HZ IrffRTlAL TABLE COOHOISaTES; K • 0S.16 IK t • .00 IN Z* - .00 IN 

Tiw: - n HRS 0 HIN » CRIO TIKE 



,68.1 I 1 1 1 1 1 1 ^ 4 1 1 1 

.57 59 61 63 65 67 

SECONDS PAGE 8- 
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I€ST DATE 3/0B.'7t 
B3 IN 2‘ * .00 IN 



. A-5 


rHE3iJENCV RESPONCE TEST I 

rRCQi.<Er«:T • l.co hz 

Tire - II HRS 0 KIN * GRID TIKE 


TNERTIAE TABLE COOROINATESr X - 08.16 IN f 




tfimnjt- a-> umxna- a** < iftnxna*- a., m >.-»rr*o 
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fREQUENCT RESPONCC TEST I TEST DATE 3/0B'74 

fREQUENCr • l.OO HZ INERTfAt TABLE COOROIfiATES; X - 08. IS IK t • .03 IH Z’ • .00 IN 

TlnE « (1 HRS 0 NIN * CRtD T 1 1C 




S7 ' 99 61 63 65 67 

SECONDS p*5E 


- A-6 





*— oz^xaon 


D2-118546-1 


fRCCUENCT Re^»CMCE TESf I TEST DATE 3'08'TV 

rRCCUTrCT • ?.0n KZ irCRTZAL TABLE CDORDtKATES: X • 86.16 IN V > .00 IN Z' • .00 IN 

riK > IT HRS 1 KIN • GRID TIKE 



10 It 12 13 t<* 15 

SECONDS 




PACE IS. 
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rREOUt^:Cy RESPONCE TEST t 

FREQVENCY • 3.00 HZ INCftrUt TABLE COORDINATES: X - 00.16 IN Y 

TlH£ • II HRS I nitt * CRIO riKE 


TEST DATE 3^O0'74 
.CO IN Z' • .00 IN 
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Tcsr OiirE 3/O0/7S 
00 IN Z' • .00 IN 



SECONDS page te. 


rREQUENCY HC5P0KCE TEST I 
fRCOUENCY - 2.00 HZ 

TtKE • U HRS I niN • CfitO Ur£ 


H4ERTiAL Table COORDINATCS: 


*- n >Mr-pio uinznx" x- ^ u»axr»a- *- * >^rme» 
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rfiCQueNCr rcsponcc rest t tesr date 3/o0/7*» 

rREQUCKCV « ?.00 U INCBTTAL TABLE COORDINATES: X'« BB.I6 IN Y • .00 IN Z* • .00 IN 

Tine • II HRS I KlN * GRID TIKE 




SCCOMOS PX(JC J9. 


A-11 
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FftEQUCKCY RCSPONCC TEST I TEST DATE 3/D8'7«f 

rRfauCKCV • 3.QD H2 IMCflTtAL TABLC COORQINATCS: X • 80.(8 (K V - .00 IN Z* ■ .00 IM 

TIKE • U hftS I KIN * OHIO TIKE 



secoNOS 


/ 


,PAOC 31. 


A-13- 



D2 



fREQUCNCY HESPONCt TEST I 

FftEQUENCY - 3.00 H2 TABLE CCCROt 

Tln£ > II HAS ! KIN » GRID TIKE 





]8.^5 




16.79 


17.75 


18.25 


i-1 



TEST DATE S/Oa/?"* 

SATES: X - SB. 16 IN Y • .00 IN 2* • .00 IN 



16.75 19.25 19. ‘>5 20.25 




ia.75 


19.75 


20.25 


SCC0N3S 


19.29 


PACE 32 





M 

H I67.M 
C 

s i67.ee 


167. ei 
16 



M 

!ai88MBBagaaiai? 
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FHCQUENCY RCSPONCC TCSr t TEST DATE S'DB/?** 

FRCQUergCY ■ 3.0Q H2 INERTIAL TABLE COORDINATES: X « 80.16 IN t • -DO IN 1 ' - .00 IN 

TIKE « U HRS t KIN » CRIO TIKE 
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FRCQUCKCY fteSPONCE test j 

FREQUENCY - 3.00 H2 iNERriAL TABLE COORDINATES; X 

TIRE > it HRS t KIN > cniO TIKE 


68.16 IN V 


TEST DATE 3'O0/7>* 

.00 IK Z‘ • .00 IN 




16.75 


- A-rl7 


«imxnxp« zm es^aaon mra>H 
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FREQUETNCY RCSPONCE TEST I fCST DATE J/O0/7'» 

rRCQUEKCY • H.OO HZ INERTIAL TA8I.E COOROlrUTES: X • 6S.I6 IK Y - .00 IN Z* • .00 IN 

TI.«C • II KRS I HIN • GRID TIRE 



secoNos 


I 


PACE >*S. 


-A-18 
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rREQUEKCY fifSPCNCf TEST I TEST DATE 3'O0/7V 

rRCotCKcr • H.oa hz iMEftHAL Table cooroinatcs: x • ea.:6 im t • .cc ik Z' • .Qo (k 

TTHE • tl HAS I HJN ♦ Gftto TltlE 





at. as 21. 7S 22.25 22.75 23.25 23.75 


SECOflOS PACE H9. 


A-19 • 
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rRCQUENCr RCSPOrCE TESr I TEST DATE 3/aB''7<* 

fREOUCrfCY « 4.00 H7 INCflriAL rABLC COORaSKATCS: It • eB.!6 IN Y > .00 tN Z‘ ■ .00 tN . 

TIKE > n HRS I K(N * GRID TIKE 



2t.25 ZZ.Z5 22.79 23.29 23.75 


SECONDS 


A-20 
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FRCOC^NCr R£SPO«CC TEST I 
rRSauEMCr > H.QO H2 


iNTRTtAL TABLE COOROlHATCS: 


r««r - II HAS 


ftIM ♦ C«IO riHT 


TEST DATE 3'O0/7>* 

.00 IH Z‘ • .00 IN 


c.oie 



.Q.QQ? U - ■ , , t ? 1 t .ill 1. I,— ,. i 1,,. , 1 

Tt.SS 21.79 22.29 22.79 25.29 23.75 



21.25 21.75 22.29 22.75 23-25 23.75 

SECONDS PAGE 91. 
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rREOUENCT RE$P0r<CC TEST J TEST DATE 3'O0'7H 

rREQUEKCY * H.OO HZ IKERTIAI. TABLE CODROEKATES: X • 89. t6 (N V • .00 Id Z' • .00 IH 

Tine - It HRS I niN • GRID TIRE 


T 

H 

E 

T 

A 

X 


z 

R 

A 

0 

t 

A 

H 

s 



Zt.25 31.79 


33.35 33.79 33.35 

SECONDS 


33.75 

PACE 53. 


A- 


22 
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rREQlINCY RESPONCC TEST I TEST DATE 3/Ce'7>« 

FRCGUENCY • 5.00 HZ ItCRTlAL TABLE COORDINATES: X • 88.16 IN Y • .00 IN Z' • .00 IN 

TIME ■ II HAS 1 HIN « GRID Tl>£ 



secoNos 


I 


PACE 67. 
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TCST DATE 3/09'7h 
00 IK Z' " .00 IN 



FREQUENCT R£SPC}«t TEST I 
FREQUEKCV • 5. CO HZ 

TItC • 11 Has i niK . OHIO Tt« 


INCRTIW. TABLE COOftOI NATES.- X 88-16 IN Y - 


A-24 
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FKQUZtXy RESPCNCC TEST 
FREQUENCY • 5. CO HZ 


ITERTIAL TABLE COORDSHATES: 


TlHE - II HHS 


KIN * CRIO TIKE 


TEST DATE 3/DB'7>f 
.00 IN Z' • -00 IN 
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FREQUENCY fiTSPONCE TEST I TEST D*TE 3/08-’7'+ 

FBEQUENCr - 5.00 H? INEHTtAL IA0LE COORDINATES.- X • 09.16 JH Y • .CO IN 2 ' • .00 IN 

Tine • II KRS 1 HIN * GAID TIKE 



• A-26 ■ 
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rREOUENCY RCSPONCE TEST I 

rREQUENCY « S^OQ H7 INERTIAL TABLE COORDlNAlCSr X •• 03.16 IH Y 

TIRE ■ II MRS I niN * ORID TIrC 


TEST DATE 3/00/7^ 

.00 IN Z* • .00 IK 


0.0001 

0.0001 

0 

0 

-0 
-0 
-0 
-0 
•0 



:A 




5 


>0 
et.75 


35.35 35.5 35.75 


36.35 36.5 36.75 



SECONDS 


PAGE 67. 
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rREQUENCY RESPONCE TEST I TEST DATE 3/00/'?'* 

rHEOUENCV • 6.00 HZ ItCRTlAL TABLE COOfiOJ tiAIESj X • B9.]6 JN Y • .00 IN Z‘ • .00 IN 

TIKE - tl HRS t KIM * CRIO TlrS 



PAGE ?B. 
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FRCQUCNCY RCSPONCC TEST I fESf OAtC 3faan't 

FRCaUENCr ' 6.00 HZ IKCRTIAL TAStC COOROtKAfC^^ X • 60.16 IK Y - .00 IK Z* • .00 IK 

Ttnc > n HRS 1 KlN » GRID riHC 



167.61 ' > » » 1 1 1 1 1 1 • I I ± 1 t _ I i__ I 

87.7 87.9 89.1 88.3 89. S 88.7 88.9 89.. 89.3 89.9 
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FRtOUEt-KY RESPONCr TEST 1 

FRCQUCNCT 6.aO H2 inertial table COORDINATES: X * 8S.I6 IN T - 

TIKE - II HAS I niN > CBIO TIKE 


TEST GATE 3'O0/T« 

.00 IN Z* ‘ -00 IK 



•o.oot 


99.3 99,9 



SECONDS 


PAOC 81 . 
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fHCQUENCY BESPOK-CE TEST 1 , TCSr DATE 3/00'7't 

FREQUENCY • 7. DO H2 , JNERTCAL TABLE COCRDINATES: X - 63. >6 IK Y • .00 tH Z' • .CO IN 

TIhE « II KBS I MIN * GftlO tlT« 





A-33 


PACE 95. 
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TREQUCNCY KSPOrfCC TEST I TEST DATE 3/Oe/TW 

FREQUCMCr - 7.00 H7 tNCfiriAJ. TAeLE COOfiOINXTC3: K - 03.16 lU Y - .00 IM Z’ • .00 IN 

TIME « It HRS t MlN * OHIO TSHE 



30.1 30. *t 30.7 31 31.3 31.6 

SECONDS p*Q£ 97. 


D2-118546-1 


FREOUENCt RE5PO»JCE TEST I 
rftCOUENCY - 7.00 H? 

TIME • 11 HRS I nlH t GRID MnE 


INERMAL TASLE COOROlNArCS: X • 89.16 


TEST DATE J/08'T» 

.00 ItJ 2 ’ « .30 111 




SECONDS PACC 90. 


-A-36 • 










D2-118546-1 




rRtlLT?a:y responce test i test oate 3/O0/7H 

rPES:XKCT • 7.00 HT [NEfiTIAL TABLE COORDINATES: X • BB.IB IN T - .00 IN 2 ' * .00 IN 

TIKE • IX HRS 1 HIN * GRID T 11^ 



SECONDS 


PACE 99. 


A-37 




uinioa— a— oz^saen nraj^^ 
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r 




rReQUCKCt ftCSPONCC test 1 test date 3/08'7'* 

FKOUEUCY • 8.au HZ IKERTIAL TASEC COOROIWATES: X - 60.16 :m T • .00 IK Z* . .00 IN 



SECOKSS 




PAOC tts. 


A-38 
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freol'Ckcy pespoNCC tcst i 

fft€CUENCr • 9i00 HT I»£:'.T1AL TABLE COORDINAfEa: 

TI»S « tt HRS t HtN » GRID TIkC 


88.16 tH Y - 


TEST DATE 

.00 til ' Z’ • .00 JN 




K.2 




32.6 


32.8 

SECONDS 


33. •• 

PAGE tl6. 


A-39 . 



^nxnz- X- »r w>mxnz- x— «»r vMnxnz 
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fREOUClKY RCSPOHCC TEST 1 
FftCQUCKCY « 8.00 HZ 

TIKE • :i KRS t niN T GRID TIKE 


tNEBTUL TAGLE COOROSJCATE 3: X - 89.16 1-S 


TEST DATE 

.00 IK Z' • .00 IN 




SCCONOS PAGE I IT. 


A-40 
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r 




f ft£5L-£?JC.r fttSPOWCE TEST \ KST CATE 3/Ca/?t 

rPE&LETJCY • 8.00 H2 IKCftTlAU TABLE C00n01NATE3: X • B3.16 tN Y • .00 iH Z* - • .00 IN 

Ti?«: * :: : rin • grid tihe 



SECONDS PA0£ IJ0. 


A-41 


D2-110546-1 




rREOUENCY RESPOriCC TEST I ICST DAfE 3/00/7^ 

rPEQUENCY • 8.0C HZ tNERTtAL TABLE COCSDINATE3: X - 88.16 IN Y • .00 IS Z* - .00 I.S 

TIHC • 11 HRS I nIS * 8RI0 TIKE 




32.8 

S£ COHOS 


33. H 

RAGE 119. 


A-42 . 
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111 

fREOuenCr PESPCWTE TEST I DATE PROCESSED - 09APRT* 

KFEPEKCE SCMSCR - TASCSn 

TOTaI. tTtlES PROCESSED - C TOTAL PERIOD PROCESSED - ‘•0.17 SEC 

riRST FREOUEflCY " l.OO HZ FREQUENCY [KCREnENTS • 1.00 HZ 

BAKD^SOrH RANGE FCR FRECyEHCY lurCRVAL 10 8.00 HZ HAS .100 HZ TO .800 HZ 



PACE 0. 


A-43 


D2-118546-1 



FREQUENCY RESPONCE TEST I 

SENSOR -OELT K NORMALIZED BY HEFERCNCE SENSOR -tASCON 
TOTAL CYCLES PBOCESSCD - 0 

FIRST fftEOUENCY • I . DO HZ 

BANORlOTH RANGE FOR FREaLTNCY INTERVAL TO 0.00 HZ HAS 


DATE PROCESSED - OaAPRTH 

TOTAL PERIOD PROCESSED • =«0.17 SEC 

FREOLSNCY IKCPEHENIS • 1-CCHZ 

.too HZ TO -830 HZ 









tnrma 


D2-118546-1 






FRECUEt.-CT ftCSPONCC TCST J DATE PROCESSCD - 99APR7>* 

SENSOR -DELT 1 NORMALtZCO Br REFERENCE SENSOR -TA0COM 

TOTAL CYCLES PROCESSED.* 0 TOTAL PERIOD PROCESSED • H0.77 SEC 

FIRST fREQL’ErCT * 1.00 HZ FREQUENCY IWCPCrSNTS - l.OO H7 

BANOHIOTH range FOR FREQUENCY INTERVAL TO ' B.OO HZ HAS .100 HZ TO .BCO HZ 


D 

c 

c 

( 


A 

H 

G 

L 

r 

I 

N 

0 

e 

G 

R 

C 

C 

S 



• A-45 ■ 


PAGE ? 


O W O K lal W tA 
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rftCQycricy responce test i 

SENSOR -OELr Z NORMdLtZED BT RErCRCNCE SENSOR -TaBCON 
TOTAt. CYCLES PROCESSED - 0 

FIRST JREQUEMCY - I. 00 HZ 

SANOHlDTH RANGE FOR FRCOOENCY INTERVAL TO 8.00 HZ HAS 


DATE PROCESSED - OSAPH?-* 

TOTAL PERIOD PROCESSED ■ H0.7T SEC 

rKOUCNCT INCREREnTS ■ V.OO HZ 

.100 HZ TO .800 HZ 



PAGE 3. 


A-46 





o w u 
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FRCQUCHCy ft£SPO«E TESf I 

SENSOR -xrNETA NOP.flALJZEO BY RCrCHENCE SENSOR -T*BCO!1 
TOTAL CYCLES PBCCC5SED • 0 

FIRST ^REOlX^.■CY • 1.00 H2 

BANOMtOTH RANGE FOR FREQUENCY INTERVAL TO 8-00 HZ WAS 


DATE PROCESSED - D9APR7L 

TOTAL PERIOD PROCESSED • VO.TT SEC 

FREQUENCY INCREMENTS • l-OB HZ 

.100 HZ TO .800 HZ 


I 

B 

C 

L 

S 


P 

H 

A 

S 

C 

A 

H 

0 

L 

C 

I 

N 

D 

E 

0 

R 

C 

£ 

S 



PAGE H. 


A-47 
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FREOgCNCT RESPONCE TEST I 

SENSOR -YTHETA, ' NORH*l-I?EO 0Y REFERENCE SENSOR -TABCOK 
TOTAL CYCLES PROCESSED * 0 

FIRST FREQUENCY * t.OO HZ 

BANOUIOTH RANGE FOR FREQUENCY INTERVAL TO ' B.OO HZ NAS 


- .too- HZ TO 


DATE RRCCESSED - 09APR74 

TOTAL PERIOD PROCESSED • *»0.77 SEC 

FREQUENCY IKCREHENT5 - !-C0 HZ 

.SCO HZ 


D 

e 

c 

B 

t 

I 

S 


P 

H 

A 

5 
C 

A 

K 

0 

L 

C 

t 

N 

0 

e 

6 
R 

c 

c 

s 




PACE 9. 


A-48 • 
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DATE PflOCESSiD - 09APR74 

Total period processed • sc.r? sec 

rnECLiEHcy jncpekewts • J.oc hz 

.IDO HZ TO -BDO HZ 




rREOUCNCV l-N HZ 


PAOE 6. 


A-49 
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APPENDIX 
TEST NO. 2 Z 


/ 


B 

-AXIS 


B-1 



D2-118546-1 




DOTS FftECUENCY ftCSPONSC TEST 

SVKnARY or IKPi^T U;tRnAL COKSCTIONS ANO TRAKSF0P?1 KATRtX 


FREQUENCY RCSPONCE TEST ^ TEST CATE 3/08/7** 







X 

Y 

3 






/ 

TABLE COOROlNATES 

88.159 

.000 

.000 





SERVO TABLE SUfVEL 

JOINTS 

FLOOR 

SUtVCL JOINTS 

COMPONENTS 

or ACTUATOR LE.'K^TH 

ACTUATOR 

ACTUATOR 

X 

Y 

1 

X 

Y 

r 

X 

T 

Z 

LENGTH 

1 

.9000 

35.1030 

>•9.5000 

310. >*070 

•S'*. 31 1C 

133.1760 

-133.3>*S0 

89.>*!33 

-73.6780 

160. <*373 

3 

.0000 

-55. <• 1,90 

3.0000 

310.HS90, 

-76.3000 

116. 13>*0 

-136.3700 

30-9610 

-113.J3V3 

167.8879 

3 

.0000 

-55.<«t90 

-3.0000 

310. >•330 

•T».5710 

-I 16.8199 

-133.3630 

t9.15>«0 

113.6190 

160.1365 

H 

.0000 

35.1030 ’ 

-■•9.SOOO 

310.HI70 

-63.H130 

-;33.683Q 

-136.6580 

67.51>t9 

7>t.t83S 

167.6569 

5 

.0000 

30.3960 

-<t6.5000 

310.>«ieD 

138. <*630 

‘ *5.9750 

-163.3510 - 

198.1659 

*<•0.5350 

166.1801 

6 

.0000 

30.3990 

>•6.5000 

3IC.3690 

I3B.3B99 

B.0C5C 

-133.3100 - 

108.8910 

38.>t»58 

167.6339 


TRASSrORn HATRtX 


••.e9779S*00 

.4'*7Ue*DQ 

•.2asao3*oo 

-.»*50S73-08 

-.S>«BaiS-03 

.5>*37ig>(l3 


>.339H8S*D0 

-.836C83-0( 

•.>*96I59'00 

,^'^9077•0^ 

.IHSS>*7-98 

-.e3566>«-03 


.388075*00 

.303866-01 

.S98SCt*00 

.HH9777-03 

.m609**>03 

.8333H-08 


.88955<**09 

.'t*<8709*C& 

.8887HO*00 

.7>«e63B-0S 

.6$CSOS'03 

.S7<t9B0-0? 


>. 3388 66*00 
'.<•16653*00 
-.875033*90 
-.SS0D71-C3 
.79<«356-03 
.8595<«a-03 


-.330St0*S0 
-.VJB53S*flO 
.36665S *99 
.H><65gs-:3 
'.796996*03 
.39197B-03 


^0? 




oo^ 



B-2 



























tfinxnz 


D2-118546-1 



FR£OU£KCY RESPOriCE TEST 
rRCQUCKCY • 1.00 H? 


INCRTIAt TASLE COCROIKATESr 


TEST Date 3‘oa/7>« 

.00 IM Z* - .00 IN 


TIKE 


II HRS 18 nlN • GRID TIKE 





























































ZwZlttV) 
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FftEQUENCY RCSPONCC TESf ^ lEST OATC 3/O0/'7>» 

FRCQueNcy • 2.00 HZ irjERMAL Table coonotNAtEs: x • as. is i» v • .oo ih z* • .do 

TIKE « II HRS IS niN *.CRI0 TIHX 


L 


rr-r 

1 


y ! 

1 

■ - ! 

1 


! 1 

i 

± L 



L 



1 



u 






L 




1 ^ 

. \ 






. 1 . 


— 


n<i V^if ,^ij f.'i' jf 
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T€ST 04TE J/O0'7‘. 

-C COOftOtNATEs: X • 8B.16 IN Y • .00 IN Z' • .00 IN 



.B-14 
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iNeftTIAL TA9Le COORDINATES: X 


GRID tike 
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fREoueNCv ftesPOHCE test a itsT date s-'ce 

FREQUEMCr . 5.00 HZ IMERTIAL TABLE COCHOl HATE S : X « 8B.t6 IK Y • .CO JK Z’ • 

Tllff • II HRS >Q HtH • GRID TIME 























































D2-118546-1 


FREOUENCY RESPONCE test e test cate 3'C0/T4 

FREOUCmCY • 6. BO HZ . tNEP.riAL TABLE COOftOrHATCS; t - 09.16 IM Y • -CO IT Z* • .QD IN 

TIKE - n HRS 18 MIH » GRID TIKE 












































D2-1 


fREQUEHCt RESPONCE rCST B 
FREQUEMCr - 6.00 HZ 

TIKE • II HH5 IB HJN ♦ ORIO Flfi 


IKERMAL TABL.E 




3B.4 


39.6 


39. e 


39 


1 


TEST C*T£ 3/OB'7't 

COCRDINATES: X - 63.16 IN Y • .00 IM Z* - .00 IN 



1 


• • i 



1 

r: — ■ 


1 i 




i • /u 



i 


•• 

1 ' 




1 _M 


i : ''t 


*• 

• 1 

r ■ 





• 

i . 




r 

1 


1 

H 1 

! 1 


! • ! 




IT* 


1 } 

1 1 

i 

1 1 


1 > 




f : 




pj-. 



; 

! =i ‘ 

i t 


1 


; 


1 • ' 

i 


• ■' ^ 


1 1 




1 

1 r 



II ^ 

i 


1 




I f 

i 

hT 1 

l—Z 



Li 1 





i ! 

; I 


\ r 

r 1 i . ^ 

hr ! 


. L 1 

( 

J t L 





\ \ 

~i — 



i 

Hi . 

"1 i 


"f 


1 1 

1 

T 



1 


f 

« i 

1 ! 


r~: < 


t 


1 


•U ^ 

■ IH 



, 






1 




i 1 

• ■ 

1 ■ 

! 1 t 



■U- ■ 

1 

i' 

•; i i 


T T 


( ; 

! ui 





J_ -_L 

'l.'- j 


1 


f 






1- i r 


■ i -.J 


1 

i_Z] 



39.2 39. H 39.6 39. B 

SECONDS 


■>0 VO . 2 

PAOC 62. 


32 
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FtsattKCY Rcspowrc 

rr>£QJ€NCr • 7.00 KZ IHERUAL TtaiC CCZPZ 

Tire •. It HRS 18 KIN » GRID TIKE 


TfiATCS: it 


63.16 IN V 


TCST 0*T£ 3/0a/7>* 
.00 IN Z* - .00 
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■fflCGi;EW:/ P£5?0NCE. TEST 2 

FREOUElXY - a.ca H7 INERTIAL TABLE COORDINATES! X • 

life ■ 31 hSS 18 KIM *'CR!D TIKE 


89.16 IN 


TEST DATE S'Oe/T't 
.00 IH Z' • .00 








mnznzp- wf* iniQznz 




fftEQUEMCr RCSPOSCe TCSJ ? • 

FUECUEnCY • 8.0D H7 • ItSRIUl. TABLE 

TIKE - n HRS te KIH * GRID T ] KE 



IBB.H 


iea.39 

IS8.39 

169.37 

He 

167.95 


167. 9H 


167.95 


167. S 


167.89 


167.86 


167. BH 
H2 

16B.S 


I 168.18 

3 

^ 168.16 
I 

N 160. IH 

H 

E 

S 168.1? 


1 


1 


TEST DATE J'Q0'7>t 

)OROIHATC3: X • 68.16 IH r - .03 IN Z’ • .00 I 




HH. I 

PACE 116. 


H3.S 

SECONDS 


H3.7 


HI. 9 
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j 



FR£01;ENC» RESPCfiCE TEST 2 

KUSCfi -DELT )t KCPKJiLlZEO BT FEFEPEKCE SE'iSCH -TA9C0K 
TOTAL CrCLES PSCCtSSEO • C 

FIRST FRCCl^r.-Cr - I.Oa K7 

BAtiOUtOTH PAKGc FOR FREQUEKCY I«*E=V*L T 


8. CO HZ UAS 


DATE PP-OCESSEB 

TOTAL PERIOD PROCESSED • '•0 

FREQUENCY I^^CP€f^CKTS - ! 

.too HZ TO .800 HZ 


-19 



09APR7>* 

.76 SEC 
CO HZ 





Q W O K W W Wt 
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ffiCQUCNCr ft€SPONCC TEST 2 

SEHSCR -DELT Y . N 0 RKAL 17 E 0 BY HEFEBCHCE SENSOR -T* 3 Cen 
TOTAL CYCLES PROCESSED - 0 

FIRST IRCQUENCY • I . 00 HE 

sanouioth range rofl FREQucriCr Interval to • e.co kz was 


OATE PROCESSCC - 39 APR 7 >* 

TOTAL PCRtCO PROCESSED • V 3.76 SEC 

FREOUEJjCY INCREHCNTS ■ I.OO HZ 

.100 HE TO .600 HE 


D 

r 

e 

1 

a 

e 

i 

s 


p 

H 

A 

S 

E 

A 

N 

0 

L 

C 

1 

M 



FREOUEHCY in he 


PACE e. 


B-45 
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fREGUCJ^CV «SPONC€ TEST S 

SENSCS -DCLT Z NORMALIZED BY RErEBEhCC SENSOR -TABCOfl 
TOTAL CYCLES PROCESSED • 0 

riRST fREQi;Eh-CY • 1,00 HZ 

fiANOUlOTH RANGE FOR FPEQUEKCY INTERyAL TO 6.00 HZ HAS 


DATE PROCESSED - OSAPfiT^i 

TOTAL PERIOD PROCESSED - '*0.76 SEC 

FIKQUENCY INCREMENTS • l-OO HZ 

.too HZ TO .600 HZ 




i 

J. 
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r 



FflCQUEKcr RESPONCE rest 2 

SENSOR -XTHET* KOHKiLIZEO BY REFERENCE SENSOR -TABCON 
TOTAL CYCLES PROCESSED • 0 

rlHST FREQLfEKCY • 1 . 00 H7 

BAftOUIDTH RANSE FOR FPEOUENCY INTERVAL TO B.OO HZ HAS 


DATE PROCESSED - OSAPHTH 

TOTAL PEfilOQ PROCESSED - '*0-'76 SEC 

FREODENCY INCREMENTS • l-OO HZ. 

. lOD HZ TO .eOC HZ 


0 

E 

C 

I 

B 

S 

L 

S 


P 

H 

A 

S 

C 

A 

N 

c 

I 

t 

I 

K 

D 

E 

0 

R 

e 

e 

s 



FREODCNCY IN HZ 


PACE <*. 


B-47 
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rftEC'JCKCY HESPONCE TEST 2 

5 CHSCR -YTHETA K 0 RMAU 2 CD BY RCFEfiEKCE SENS 09 -rASCOrt 
TOTAL CYCLES PROCESSED > 0 

FIRST JREQUEHCY • 1.00 HZ ' 

BANDMIOIH RANOt FOR FREQUEJlCY SUTfflVAL TO 0 .OC HZ HAS 


DATE PROCESSED - 09 APR 7 >* 

TOTAL PERIOD PPOCCSSEO - '•O.TS SEC 

FPECyEf^Y lr*CPEKENT 5 • l.OO HZ 

.100 HZ 10 .320 HZ 


0 

c 

c 

I 

a 

c 

L 

S 


P 

H 

A 

S 

C 

A 

N 

0 

L 

t 

I 

N 

0 

E 

G 

R 

c 

E 

S 




' PACE S. 


B-48 
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rftEQUENCY FE5P0HCE TEST Z 

SENSOR -2IHET4 NORMALlZEO 9Y REfEBCNCE SENSOR -TAeCOM 
TOTAL CYCLES PROCESSED - 0 

riRST TBEOL-EriCT • 1.00 HZ 

BANDNtOTH RANGE TOR PREOUENCY INTERVAL TO B.OO HZ MAS 


DATE FPOCESSCO - C9APR7>« 

TOTAL PERIOD PROCESSED - «*0-76 SEC 

FRCQUCI^Y INCPEHENTS • 1-00 HZ 

.100 HZ TO .600 HZ 










D2-118546-1 


APPENDIX C 
TEST NO. 3 Y-AXIS 


C-1 
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DOrs TREOUCNCT Rt5P0f^S€ TEST 

SUKKART OF IKPUT iNCftriAL CDNOtT.SNS AND TRANSFORH RATRIX 




FREOUCKCT 

RESPONCE 

TEST 3, 





TEST DATE 

3'09'7<4 






X 

Y 

Z 







TABLE 

COORDINATES 

B9. 159 

.000 

.000 





SCRVO TABLE SUIVEL 

joirirs 

FLOOR 

SMlVCL JOINTS 

COMPONENTS 

OF ACTUA 

TOR LENStH 

ACTUATOR 

ACrUATCfl 

X 

Y 

z 

X 

Y 

z 

X 

T 

Z 

lenoth 

t 

. .0000 

?5-ia60 

t9.5800 

610. '•070 

•6<« . 31 1 0 

I23.1780 

-t??.84ac 

B9.413C 

-73.6780 

160. ‘•67? 


.0000 

-55-H190 

3.Q090 

?tD.<*69C 

-76. 3900 

ii6.i6'*a 

•i??.s7oa 

60.9510 

-113.1640 

167.6979 

'3 

.0000 

-55.VJ90 

-3.0000 


-T-.5730 

'116.9190 

-I6?.?630 

19. 1540 

113.8190 

(68.1365 

H 

.0000 

65.I060 

-‘•9.5000 

?IO.S170 , 

-6a.41?Q 

-163.6S30 

-I66.Z580 

87.5140 

74.1830 

187. £569 

5 

.0000' 

30.6980 

->•6.5000 

610.4100 

139. '•630 

•5.9760 

-166.6510 - 

IQa.1650 

-40.5650 

168.1891 

6 

.0000 

30,6980 

H6.50D0 

. 610.3690 

138.3890 

8.0050 

-166.6100 ' 

109.0918 

38. '•950 

167.6333 



TRANSrORK MATRIX 

•.?a7798»00 •.??9<«9£*00 •.8S8575*0a >.£899Q>t*00 -.22e£66»0Q -.£3S510»09 
.i|>*7ttS»00 -.£3609£>0I •.303566-01 .VH£709*00 -.'•16663*00 -.'•tes96*00 

££5606*00 ‘•96159*00 .VaasOL-DO .6£e7>»C*00 -.676033*00 .66966:*C0 

-.<•50573-06 .HH9G77-06 - .‘•>•9777 -06 .'•S8666-06 -.'•58071-06 .'•'•6565-06 

-.6'<96IS'-06 .('•55V7-06 • . ('•689>t-C6 .650505-06 .79'*35a-D6 -.796996-06 

.553719-0? -.6359e'*-06 -.8336M-06. .5<i49e0-0? .6665WO-0? .691976-06 
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rHEOUtNCY ?£5PCNC£ fCSr 3 

rpteautriCY - i.oo hz 

IIHE • tl HRS 29 HIM .♦ OR!0 r:K£ 


TEST DATE 3/08-'7‘« 

.00 Ik 2* • .00 IN 


INEPIIAX TABLE COCROINATES: 


X 


68.16 IK Y 









zuXwvi 
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rRtOUEHCY RESPONCE TEST 3 TEST DATE J/00/T^ 

FRCQUEHCV • 1.00 HZ INERTIAL TABLE COORDINATES: X • 08. 16 tK Y - .00 IN 7* * .CO IK 

TIKE * II HRS 29 KIN t ORCD TIME 



5 


SECONDS 
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fRECUCNCr RESPOKCC TEST 3 - . 

• 8.00 H' t»£RTlAL TASUC COOR^ttMTES: X • SB. 16 IN 



TEST DATE J/DS/T'* 

• y -• .00 IN Z’ • -00 IK 
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FREOueNCr RCSPCSCE TEST 3 . , TESf 04TC J/OS/Ti* 

fREQUEKCY ' s .;0 HZ IKERtlAL TABLE COCROHiATES: X - 88.16 IN . Y • .CO tH Z' • .00 1»1 

TIME - n HPS 89 HIM * GRID T I >•£ 






















D2 


rpCOL'ENCr B£SPC%CE’ TEST 3 

FREOUEKCY - 3-CO HZ I'^RTIAL TASU.E COG 

T(»£ • i: HRS 29 HlN * GRID TIhE 





J1.S5 


se 
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rfiCOUiNCY reSPCtJCE TEST J TEST DATE S/CB'Y-* 

fREOL'ENCr ■ H.OO HZ 1‘£PI1AL T ABLE . C OCRQ I NA IE S z X • 86.15 JM T » .DO tN Z* • .CO 

TIHE • ti H?5 ?9 HIM • OP.IO T'J^ 
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rflCQlKNCT ftCSPCt.-CE TEST 3 

FRCQUENCT « V.OO INERTIaL TABLE COCROINATC3: * • 

TIKE ■ It HRS as MH * GRID TtME 


TEST DATE 3/0B'7:t 
.00 JN Z* - -00 


69. IB IM Y 


























es»33on nncB>M 










D2 


fREQUCWCY ftCSPONCC TEST J 

FRCQUESCY • S'.OO H? MSRTUL TA6LE CCt 

TIME « It HRS as nlN ORtD TIKE 



1 


TEST DATE S'CS/Tit 

jROCi:A!ES: X • SB. 16 IN Y ' .00 IM Z' • .00 tH 



.7 ItO to. 3 ' '•0.6 ■•0.9 



7 40 40.3 40.6 40.9 

SECOM05 pace 64. 
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FREQl^NCY ftCSPOneC TEST J TEST D«TE 3/ = 30«t 

FREQUCMCY » 5. DO H2 , INERTIAL TABLE C OCftDI NA TE3 ! X « 80. I£ IK T - .00 IN 2 ’ - .00 IN 

TIKE • It HRS ?9 HIN * GRID IlKE 






























































inniojt 
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rRECL-tNCY ftCSPONCE TEST 3 TEST DiTE 3'CB/7<* 

FREOUtJtCY * 7.00 HZ INEATIAL TABLE C00R03MATES: X « BB.16 t« f • .00 IK 2' ■ .00 fN 

TIME • II HRS ?9 KIN * ORCO TIk; 
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3 

iNeRTIAL IA6LE COORDJNArCS: X « 80. J6 IfJ Y • .03 1 


GRID TIKE 
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fftCCUENCY fiESPCS-CE TEST 3 TEST CATE 3-Ce. 

rRCQUEN-Cy • 8.00 HZ TnERTIAL TA91E COORDINATES: X ■ 8B.1E l!I Y - .30 IN 2* • 

TtrtE • II HRS S3 niN * GRID TII-Z 
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FftEQUEHCT PESPONCE TtST J 

rPEOUENCY > e.OO H7 

TIKE < II HRS P9 KIN * GRID TIKE 


INERT lAl TABLE 


1 



TEST CATE 3/08/7V 

JISATEi! X - 69.16 UJ Y » .00 IN Z'' .00 IN 
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FpeaL-CNCT RCsPorjCE rest 3 

rPXC^HCr • B-C3 HZ ItaRTUL TA8LC CCCfiOIKATCJ; X • 08. t6 IN V 

Ti:« • 11 H«s 29 r:n *0010 tike 


TEST DATE 3^C6?7>. 
.CO IN Z* - .00 


167.69 
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rftEQv-Ercr PXSPONCC I€ST J test date 3/O0/7>» 

rRECL€f.-cy • 0.03 H 2 >*aLC cooPOiNATESs X • ee.se in y • .00 in r* • .co in 

tI»E • i: HR5 S9 mis; * GRID TIME 


0 . 317 ? 
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»RCQU€nCY R'SPONCC tES7 3 

SCrJSCR -DtlT K ■ NORHALIZEQ fif REfEREN'CE SENSOR -TASEOrt 
TOTAL CYCLES PROCESSED » 0 

FIRST fPEQUENCY • 1,00 HZ 

BANDKlDtH RANOE FOR FRCOUENCY INTERVAL TO 


DATE PROCESSED 

•TOTAL PERIOD PROCESSED • "•?- 

fP-E&yCKCT INCPEJKNTS • 1. 

.900 HZ 


• 09APR74 

>♦3 SEC 
00 HZ 


9.00 HZ KAS 


too HZ TO 
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FRCO'.^fKr Pc5?0f;c£ TFSr 3 

SCNSOR -aCLT Y NCRXALIZtD BY PCrEfiCfiCC SifoOR -TABCOH 
TOTAL CYCLES PRCCESSiD * 0 

FIRST JP£CJv!*-CY • 1.00 H2 

BAflDklDTH PA:;0£ fCR ffiECUENCY JtiTERVAL 10 9.00 HZ HAS 


DATE PROCESSED - 09APR7‘» 

TOTAL PERIOD PROCESSED • SEC 

FftEODENCY IHCRlMESTS • l.OC H7 

.900 HZ 


100 HZ TO 
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fp.Ec-jCKCy pesPONCc test 3 

SENSOR -CELT Z NORHALlirc Bt BCEEflENCE SEfiSOR -TABCOM 
TOTAL CYCLES PROCESSED - 0 

FIRST fPECUEtICY • 1.00 HZ 

BAKCUIOTH RANGE FOR ffl£OUCr;Cr INTERNAL TO 


DATE PROCESSTO - 55APR7>» 

TOTAL PERIOD PROCESSED ■ "i?.*.! SEC 

FfiCOUENCY IMCREMENIS • l.CC HZ 

.900 HZ 



9.80 HZ WAS 


.ICO HZ TO 
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FproyrNCY p£spo’;ce- test 3 

SCHSOR -ZTHCrA HOP-X4LtZES 0T P.CFEREIiCE SENSOR -TASCOfl 
TOTAL CYCLES PROCESSEO • C 

FIRST fRtOUENCY • l.aO HZ 

SASOUIDTH RANOC TOP. rprCUENCY INTERVAL TO 9.00 HZ HAS 


DATE PPOCCSSEO - 09APR7N 


.too HZ TO 


TOTAL PERIOD PROCESSED 
FRECUlNCY JNCPEKEKTS 
.900 HZ 


SEC 

I .00 HZ 
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APPENDIX D 
TEST NO. 4 X-AXIS 


D-1 



D2-118546-1 



Dots FRCQUCrXY ftCSPONSE TEST 

SUrWARY or tKPUT iTieHTIAL CON 3 IT 10 K 5 AN'O TRA'iSrORU KATSlJt 


fBCOUENCY RESPOSCE TEST H TEST DATE 

X Y 7 





TABLE 

COORDINATES 

86. 153 

.COO 

.000 




SERVO TA 

r.E SWIVEL 

JOINTS 

FLOOR 

SWIVEL JOINTS 

LCKPCSENTS 

or ACTUATOR LEJI&IH 

ACTUATOR 

X 

Y 

7 

X 

Y 

z 

X 

Y 

2 

t 

.G 300 

85.1080 

49.5300 

810.4070 

- 64.3110 

183.1700 

- 188.8400 

89.4130 

- 73 . 670 C 

8 

.CSSQ 

- 55.4193 

3 . DOCD 

810.4890 

- 76.3000 

116.1840 

- 188 . 87 C 0 

8 C. 95 ID 

- 113. 1840 

3 

.COCO 

- 55 . 4 J 90 

- 3 .CC 3 D 

810.4880 

- 74,5730 

- 116.6199 

- 188.8630 

19. 1540 

1 13.6190 

4 

.0000 

85.1080 

- 49.5003 

8 IQ .4170 

- 68,4180 

- 183.6930 

- 188.8569 

07.6140 

74.1030 

5 

.0000 

30.8989 

- 46 . 5300 ' 

810.4100 

130.4630 

• 5.9750 

■ 188.8510 - 

106.1650 

' 40.5850 

' 6 

.0000 

30.8960 

46.5090 

810.3690 

138.3890 

8-0050 

‘ 188.8100 - 

108.0910 

38.4950 


TRANSrORH TIATRIx 

•'.^^ 779 e •08 '. 999 ^ 98*00 -. 886575*00 -. 88955 >r*DQ -. 888866*00 -. 83 S 5 ! 0*00 

. 4 <t 7 ne*C 0 -. 8368 ?P'*Dt *. 303866-01 .H 48739*00 -.H 18 BS 3 * 0 D -.Hie 085 *D 0 

-. 888898*00 -. 498159*90 . 498501*00 . 888740 * 09 ' *. 8760 33*00 . 869661*00 

-. 45 DS 73 -C 8 . 449077-08 -. 449777-08 . 448686-08 -. 450071-08 . 448595-08 

*. 649815-08 . 145547-08 -. 146094-08 . 650505-08 . 794356 - 0 ? -. 796996-08 

. 547719-08 -. 935864-08 -. 833811-08 . 544990-08 . 866540-08 . 89197 B-C 8 


Ot 




f; 







3/C0/74 


ACTUATOR 

LEWOTH 

160.4778 
I 67. 8879 
160. 1 365 
167.6569 
169.1691 
167.6330 
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R£S?Q!iCC TEST =♦ 

rfiCCiJCWCY - J.CO HZ IKERTUL TAB’-C t 

TtHC ■■ X: H=5 33 flltJ ♦ ORia TIHC 




1 


















































iflwina 
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rRCc^^^;c^ *--SPOt;cE TEsr h 

rRCCUCr.-CY • 2. CO H7 INERTIAL lABLC COOROClAtC^: K • 66.16 111 V 

TIHE > n hRS HO KIN * CRIO T I HE 


I t 

/ M . ; Ti 


TEST CATE 3/08/7H 
.00 IN Z’ • .OC IN 


. , 4L‘A-ri 

! \ ; \ I « ; I ; I f i I I \ Til ."11 

:z4zizt4z:tr =4 T| T~rr zQ:!zx4: iTr 

^ ! ‘ I / ; I -j *4 / J- _J I i_]. 

— H“r“t 1 — rrr— — rr-i — r-^- / . ■ m 

I T 1 j i Tt i Ml i r ^ / ;T 

— — T- --f — \ — I — {T-'r — -j--;-.— r{— - — ft— f- — 11 -] — jT- 


I I I t 


-rH i-M- t-H- 

\ • I i I ( 1 , ; 

j 4 T - 4 


^j ~j |l T T|~ 



» 

1 

1 

1 



IS! 


''MM 




--T- 


167.69 

4 ■-• 


1 ..y. ^ 

JmI • 

6 

__.luX 1-/1- 

■ [; ; 1.: 

167.69 ' 

3 


J -L 

•• '9 

i"" - 

7 

B .. 




SECONDS 


PAGE :6. 
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TRCOyENCy PiSPOMCE TEST S TEST DATE 3/0B/7'. 
FREQUENCY « ?.00 HZ Ir£ftTUL TABLE C0CRO1MATC3: X • BS.I6 IH Y « .CO IN Z* « .00 
TtHE • li HRS ‘•0 KIN * CRSD >!KE 


O.OOOl 


O.GOOt 


T 

H D 

C 
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rREOUCfiCr PESPDS'CE ItST S 

rBrob-Eucy « <*.oo kz 

TIKE > li HRS tS Kt:i • GRID 1 1 HE 


TEST DATE 3/Ca 

r « .00 7’ - 


INERTTi’. TABLE COOROlMATESt X « 83.16 IN 





Zlj X W 
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FRrQUEKCY RE5PCSCE f£ST >» TEST DiTE 3'CB-'7‘» 

rPCOLTKCY - 5.00 HZ tHERTUl liBEf COCROtNATES: X • 68.16 I N Y » • .00 J H Z' - .00 I H 

TIKE - II HRS VO Rlr; ♦ GRID TIME 


A 

0.0'* 

r\ 

■ /*! 





/ ' 


_ / 


r n. 


/■ 


^4] 





L 

E 

1 

fi 

1, 

J i 


1 h 

-44 


1 

1 

\ 

1 

\ 

; 1 


/ 


/ 

■ ! ■ 



C 

0.0? 

f—l 

l\ 

' 

1 

/ 

1 

1 i 

1 

( 

i 

1 

\ 


\ 

1 


1 

\ ! ' 



K 

1 

n ' 

1 

i. 


1 

/ 

r 

) 

.1. 

2 

\ 

1 

1 

1 

) 

1 

'.4. 

1 ! 



A 

N 

D 


~1 — 

T” 


i 

/' 

} 

1 - 

i 

1 

1 

t 

i 

1 

1 

i_ 


T 

1 

1 • 

i 

1 

1 . i ; 

1 

I 




1 

1 

r" 

i 

1 

t 

1 

1 

i 

1 

1 

T 

J. 

1 ' 

i 

/ 

T ' 

1 

t 

1 1 ■ 

1 

/ 

t 

N 



T 

/ 

i . 



1 

vt""l 

^--UJ 

/ 

) 

'i' ’ 
1 

j 

i 

1-4 

1 

j\ , 

T 

1 

1 

Li 


f 

' ! i 

1 

1 

t 

N 

C 





K 

1 

\ 

1 

\ 

T 


j 

.u 

r 

"1 

f 


! 

\ ) i 


1 

i-_ 

'0.0^ 


1 

1 

1 

1 

J 

\: 

/ 

i 

i 


' ■ ■ 

■ r 

f 

_L 

f 

1 

1 “1 


1 

( 

c 

s 


\ 

1 

\ 


\ 

1 


\ 


\ 

\ 


-4 




\ 


^ i 

\ 











__ ii 





• 

J 




1 




18 


IB. 

3 


te 

.6 

le 

9 

19 

■ S 

!9. 

s 


19.9 


SECONDS 
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j 

t 

1 


PQ.l 


D-23 
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FPrQun.'CY RESPaiKC TEST I* 

FREQurttCY > S.oa »i2 IIkETSA!. TASLC co< 

line - 11 HRS <40 MIH ♦- o»:d !*«: 




1 


















o»-» 
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FRtCUENCY RESPONCC TiST >♦ • T£SI DATE S'0a/7'-« 

ri-rOl!C>XY • 6.C3 HZ tKCRTUL lABLC COOROlNATCS: X ■ BB.ie 1» X • .DC IN ?' • .00 

HH£ • II HRS =*3 .H:!J • GSID TIKT 













uirtxfis 
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r»EQ!^NCY P.CSPCtICE Tf$T TESt DATE I'ben'r 

FREQUENCY » 6.00 H? INERUiL TAB'.E COORDINATES: X « 6B.16 HI Y « .00 JN Z* • .00 5N 

Tine - M HRS >*0 HIH * GRID TIME 

•. if ’ ]:] I 1 i I I i r V ;! t i r ■ I 

r—- — "t 1 ^■'T i a — 

=Bt3B33r-53f-iF^^^ 


rzazir. 


’ j i \ l~ \ I ~T ^ 1 ~ | j X i; 

r1 ; ^T~ *1 7— j u t| 

rtzpiz ; "j^zT-rl: jizi z 

„ XZ ,i__ .I...: . , i_.i_i_.IQ 


? t67.dt 


M 167.9 


N 167.69 

C 

H 

E 167.66 
S 


,67.6|^ 


ij — ^ 4 i — . _Li__U 

=^-r=F -f -i-~ -f --ii-H^z^rz __t44.4_L.4___ 

IZj 7ZLZ — ^ :pz -J — ^ ■■ J --r-; — T" 'Jf.Zl zm . — '"I — 7 “ 


St 


3 168.15 


N 166. !>• 


N 168.13 

c 

K 

e 168.16 
5 
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rBEQi;EKCT RESPOT.-CE TEST H TEST DATE S'Ce-'IV 

rfiEOlCUCY • 7-CQ nr IKERrtAL tABLE COOftOltJATES: X • 68.16 tM Y ■ -CO tfJ 2 ’ • .50 

TIKE ■ II K3S <*0 RtN • ORIO TIKE 
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FPCCUENCr PCSPCn'Ci: 7FSI h 

FKQCCiiCr ' e.CC HZ MiCPTIAL tABUC C OCPOl ^JATFS: K « 68.1$ lU 

TIKE » i; KPS HtJ Kill ♦ GF’.D 7iKt 


I£Sr GATE 3'’CB/'?4 
Y « . 00 in 2' • .00 in 


T 

A 

e 

L 

Z 

c 

0 

M 

K 

A 

N 

D 

t 

H 

I 

N 

C 

H 

C 

s 





TAOt II5. 


D-38 











































wr>»*o>st »4 >>^ni 
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Ff»rO\;£NC7 RtSPDNCE Tr5' 4 tESf DAI£ 3/CB/7H 

FRECt.’-HCr ■ B.CO K2 IMFRIUL TA0LC C00RDIMAIE3: X - 68.16 1« Y • .00 IN Z* • .00 IN 

TIR£ •« II HSS HD HiN . ORjS riRC 



D-42 
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rPGQuENcr Rcspoi'^cc tgst I* rtsT 

FREQUENCY - 9.00 H2 INERTIAL TASLG C C0R3 IHATCE: V. - E3.16 IH Y » .00 IN 

riME * It HRS HO MIN • GRID TIME 


TATE 3 
2 ‘ - 






jeB.ne - 

?7.1 


£ 7.3 


118546-1 


lESr OATC 3/06''7>4 

TA5LC COOROIHATE3: K - SO.lti IN Y * .OC IN 2 ’ ‘ .SO Hi 



£7.7 27.9 

SCCCNDS 


£8.t 


£8.3 

PAor i3h. 


D-44 
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rRECUCfiCV RtSf>0;;CE TfSI v . tEsr OATE 3'C9'7». 

FRECUCtiCY » 9. DO m2 I»;EPT:aL jAaiC COOFI01:JATE5; X • 69.15 IN T - .00 IN 2 ‘ ,« .00 IN 

TIME *. II HRS >40 KIN ♦ GRID T [ HT 



D-45 










zi7-a 


. S0N003S 



3V)U ardo ♦ MI-4 c*i sy« u « 3nu 

SJ 50’ » .2 ril OO' • A in 9t-08 - X :S31'rMCB003 3‘.S?i 'riia3N; Id C-J'S - >.3N3n03UJ 

di/eo/E 3ira i.S3i *1 iS3i 33r«03S3a ADi;3riG3ad 


i-msu-ZQ 






SB. <3 
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TEST DATE ■S.'td'Tf 

lAL TASLE COClRDIfJATtS: / • eS-!C I h' Y • -CO It! 7 ’ ’ .SD I »i 



£ 9.-1 


£ 3.3 


£ 9.5 


£ 9.7 


sEcot;c;5 


PAOE }5!. 


D-49 
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fprciurfiCY RtspcMCc rrsr >* tc9T date 3'ce-'7'. 

FR-rcUEtiCY JO. 00 H7 INERTIAL TABLE CCOfiO t N'ATE j : X • 08.16 Itl Y • .00 I» 2 * - .OS IM 

TINE - n HRS ‘♦0 r.lN ♦ ORiD TINE 



D-50 
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T 

A 

e 

L 

Z 

C 

0 

M 

M 

A 

N 

D 

1 

K 

r 

N 

c 

K 

F 

& 


fREQUtNCr RrSPOMCF TFST >* TFST DATt ■f/'.an't 

FRFQUtNCY ' II. DC H£ I.‘.-ERIIAL 7A3LE COORD I t.'A Tt S : X ' 69.16 IH V » .00 Iti Z’ * .OC IN 

TIME ■ U HftS ^0 Hid • C-P20 :i«“ 


f 

i 



1 I 


1 ’ T ”[ 


_ — 

1 

I 

= \ 

/ ' 


; •. 

j.~ 

E- 


! i 

, 

7T1 

1 ' ‘ i 



i 


* \ 

IM 1 

If \ 

1 

i i 


' 1 

1 : \i 

/ \ I 

t ; 

.. J Ju 



j 


L_l 

i 

\ \ 

\ 

‘ ? j •’ li 

r..' i 1 

r 

. 

1 


! 

1/ il 

I 

( 

I i T n 

T~ ! 

/ 



1 


. 

i 

j. 

: i! 1 

\ 

1 

r 

: i ' 

• 

”1 i 

J 

■ r 1 ! ‘i / 

L 

-H- 

/ 


i 

I 

^ 1 i 

! 

1 

.... 1 1 L.. 

1 1 

! 

;■ ;; : /j H f 


1 r 
1 1 

\ 

1 

! 

\ '] 1 f 

■ 

i 

■ 1 / 

]. j 

t 

.1 i :L. ;i i 1 


1 

1 


' ;i ! 


! 

' *1 J 


i 

‘ ' i i 

1 r 


\ 1/ ■ 

^ . 

- 1 

i~TJ i; 

• 

'~l 

^ \U.. 

'•‘“T'T 
• ! 



.1' •■’ 


i ’ 

/ 

J 

.'M- liL 


J 

•i/ 

"’rj 


w 1 ■ 

; \ 

_ 



. 

■ 1 J ■ 


r 

f 

! 


■■ i J.'.. 

1 

1 

i\ 

: 

i 


BECO.S'DS 


RAor lo 6 . 


D-:53 




/ 


173 -a 


< p*. 


■991 30Vd -iOtJODaS 



JHll.OIbO ‘ liVA c») SaH n » 9M11 
» y ■ m 9i’a3 -• x !£.3 ivkjccoo 3 3":evi lyiiaaNt zh oa-ii « ASNjn^saj 

h iSji 3D!ICdSjt) AINjr.OjHJ 



m QC • .2 Nl QO' 
^'./eo/£-3i»a iS3i 


l- 9 mil-ZQ 
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FPtO’.^wcy ncsporjcc icsr ' ttsi datc 

rfiroycijcr - M.oa hi iri£.R?iAL table cooHLiiMArrs: / - ee.ib lu y • .OD in r* - ,sci 

TIKE II HRS up MUr * GRIO TIMT 



D-55 
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rRiQ^E:;CY ftcsrcticc Tcsr ** test date s/os-t-. 

FREQ'-XNCT ■= II. C3 HZ IKCRIIAL TADLE CDOflOlNATtS: X « 60.16 III Y ' .03 IN Z' • -SC 

TIRE » II HRS HO Kill » GRID Tir-E 


E o.oooe p T- 

T I 1. 

A o.oaol ( *- 



■ — r 



i .''i 


; *, 


1 f • 'i 




1 


)■ 




A ■ — - -Y--y f- - y -- -j •" V r- - \ j ■ __'X "I"'''' j: 

s ^ 7 f” ~i 1 ■ \~'7 t ' ~j~ -p 

10.^3 IOa" 30.3 ' 30. C "' 30.7 SO .'s ' io".9 31 31.1 

D . D006 j ^ , 


~y 

".“T — 1 



....^ [. _.4 

. ! ; ; ! 


. .i 

; i ' 1 i 



■ ■ 1 ! . i : 

1 

J..4 

. 

i i 

; 



• i 

: 

; 1 


• 'i i : 


1 


1 i •• • : 


1 

1 

1 1 . 




• 1 ! 

I 

1 * 

\ 1 : • 1 ■ ' J 

4 

; 

. ; 1'. 1 


f 

i 1 ■ •! j 

1 

; 

\ > : ‘ 

1 


\ ■ 1 ' • • : 



vr 

i A.' ' ; 



f ; : 



; j 1 


T O.OOOH — -r--r- 

H 

E I Tl 

T O.OBD? H i 

A / ! 1 


■■ f-'f fr V.T' fn4 - ;i V ■■-■-?■ ■■■*■ t 


T 'i / ! ■■ 7'"4"" '■■ A r I r T ■ t" 1 / ’T" . 

rr 1 — t' 7 “ vn — A — i ~n' ~~r - 7 -— y- --I -- T 7 r- r 

L :::^ ijz lyi: :iz: :;:z rj ::: j :::^ zp ::|: :/z: :t : fz.. 

-\--f ^7 \—j 1--7: -^-7-- j hr 1 


^ ^ I j 


_A ■ / j w ^ j. ]|/ ] \j ___ • •• I 


1zzt::i; 


30 

.? 

30 

.3 

30 

H 

30 

5 

30 

.G 



1 

V-. 

j . 


. f.i 
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